is reasonably acceptable for the great majority of purposes. Although more sophisticated methods requiring more elaborate and/or expensive techniques have been developed to assess body composition, the skinfold measurement technique, a more accessible and practical method, is useful and relatively reliable for community-based body composition measurements. [12] [13] [14] There is some evidence, from Deprés et al. for example, which seems to show that waist circumference, waist-to-hip ratio, and sagittal diameter can be used to predict deep abdominal adipose tissue, thus avoiding invasive and expensive techniques (computerized axial tomography and nuclear magnetic resonance imaging). 15 The aims of the present study were to determine relative and absolute body fat, fat-free mass, fat distribution expressed as abdomen-to-hip ratio, and abdominal circumference in the elderly population living in an underprivileged urban area of Ho Chi Minh City, Vietnam and to compare these with fat mass and its distribution in the middle-aged living in the same socioeconomic area.
Subjects and methods

Subjects
As part of the Cross-Cultural Research on Nutrition of Older Subjects (CRONOS) project, 16 this study had a cross-sectional design. According to the CRONOS protocol, 600 individuals should be chosen by selecting 50 men and 50 women from each of two age groups, 35-44 and 60-74 years, in each of the following: a rural area, a low-income urban community and a middle-income urban community.
In this study, only the subset from the low-income urban community participated. The study was carried out during January and February 1996 in Village 2 of District 4 of Ho Chi Minh City, a low-income squatter area of the city. The study population consisted of two age groups: the middleaged group (35-44 years old) and the elderly group (60-74 years old). The subjects consisted of 50 male and 50 female elderly and 50 male and 50 female middle-aged individuals. The subjects were selected by systematic random sampling out of the community list for each age group.
Anthropometry
Anthropometric measurements were made in the morning in the non-fasting state in the field. In the collection of anthropometric data, standardized methodology was applied by a single investigator and an assistant. 17, 18 Weight was measured to the nearest 0.1 kg with the subjects in indoor clothing and bare feet using a digital weighing scale (model 770; SECA, Hamburg, Germany). The standing height was measured to the nearest 0.1 cm using a microtoise (Stanley, Mabo, London) with the subjects wearing no shoes and standing straight on a horizontal surface with heels together, shoulders relaxed, arms at the sides and head in the Frankfurt horizontal plane. Armspan (posterior) was measured, with back against the wall, between the longest finger on each hand in the horizontal position at the level of extension of the arms. The reading was taken to the nearest 0.1 cm.
Skinfolds thickness were measured to the nearest 0.2 mm with a Holtain caliper (Crymych, UK). The triceps skinfolds were determined on the back of the left arm parallel with the axial line of the upper arm, over the triceps muscle, halfway between the acromial process and the olecranon. The biceps skinfolds were measured on the front of the arm directly above the centre of the antecubital fossa. Subscapular skinfolds were measured just posterior to the inferior angle of the left scapula. Supra-iliac skinfold thickness was taken with the person standing and on the midaxillary line immediately superior to the iliac crest. The skinfolds were measured in duplicate, both of which usually agree within 4 mm, and the average of the two measurements was used in further analysis. In case the measurements did not agree within 4 mm, a third measurement was also taken.
Four body circumferences were measured in duplicate with the subjects standing upright. Measurement of the left upper arm circumference was made midway between the inferior aspect of the acromion and the olecranon. Abdominal circumference was measured over the superior border of the iliac crest to the nearest 0.1 cm at mid-respiration. Hip circumference was assessed at the level of maximum protrusion of the buttocks to the nearest 0.1 cm. Calf circumference was taken at the largest site of the left calf to the nearest 0.1 cm.
Body mass index (BMI) was obtained by dividing weight (kg) by height squared (m 2 ). Body mass index using armspan instead of height (BMA) 19 was derived by dividing weight (kg) by armspan squared. The abdomen-to-hip ratio (AHR) was calculated by dividing abdominal circumference (cm) by hip circumference (cm). Mid-upper arm muscle area (MAMA) was calculated using the formula:
MAMA (cm 2 ) = [MUAC -(3.14 × triceps skinfold/10)] 2 /12.56.
Mid-arm fat area (MAFA) was assessed using the formula:
MAFA (cm 2 ) = MUAC 2 /12.56 -MAMA The body density was calculated using the Durnin and Wormersley equation from each age-gender specific value of c and m. 4 Percentage of body fat (BF) was calculated according to the equation suggested by Siri. 20 Body fat and fat-free mass were derived based on calculated percentage body fat and body weight. Basal metabolic rate was predicted based on the age-gender specific equation from actual weight (kg) and height (m) proposed by WHO. 21 
Statistical analysis
Statistical analyses were carried out using SPSS for Windows version 6.01 (SPSS Inc., Chicago, USA). Significance of differences in prevalence among groups was proved with the χ 2 test. Continuous variables were all checked for normal distribution using the Kolmogoro-Smirnov goodness of fit test. Natural log-transformation was performed for those variables not normally distributed. Two-independent sample Student's t-test was used to compare middle-aged and elderly groups. Analysis of covariance (ANCOVA) was used when there was intention to adjust for confounding factors. Stepwise multiple linear regression was used to find out the correlation between one continuous dependent and independent variables.
Ethical considerations
The international ethical guidelines for epidemiological studies suggested by the Council for International Organizations of Medical Sciences (CIOMS) were considered in this study. 22 Study design and protocol were approved by the Committee of the SEAMEO-TROPMED Regional Center for Community Nutrition. The aims and overall objectives were explained thoroughly to participants, who all signed consent forms before taking part in the study. Participants were informed if health problems, such as hypertension or anemia, were identified during the study and they were sent to the nearest health service.
Results
The anthropometric and body composition characteristics of the subjects are summarized in Table 1 . The middle-aged men were taller and heavier than the elderly men (P < 0.01), while middle-aged women were taller than their elderly counterparts (P < 0.01) but of comparable body weight. Abdomen and hip circumferences in both elderly men and women did not differ from those of their middle-aged counterparts. Middle-aged women had a higher BMI and BMA than did elderly men after adjusting for smoking status (P < 0.05). However, the elderly had a higher percentage of body weight as fat than did the middle-aged but statistical significance was only found in women (P < 0.001).
Calf circumference was significantly lower in the elderly men and women compared with their younger counterparts (P < 0.001). Fat-free mass in kg estimated from total body fat was significantly lower in the elderly group than in the middle-aged group (P < 0.001). Furthermore, a comparison of the two genders within each group demonstrated that males were heavier and taller but had a lower body fat mass than females. Both relative and absolute values for fat mass were lower in male subjects of both age groups compared with their female counterparts. Fat-free mass of male subjects was higher than that of their female counterparts.
Despite the higher percentage in fat mass in elderly women, their skinfolds thicknesses of two sites (triceps and subscapular) were lower than those of middle-aged women ( Table 2 ). The significant elevation of abdomen-to-hip ratio in the elderly in comparison with the middle-aged group (P < 0.05) may have contributed to the discordance between elevation of fat mass percentage and decline in the skinfolds thickness, reflecting the central tendency of body fat redistribution with age. Table 3 indicates the proportion of subjects classified into different groups of chronic energy deficiency (CED). As a Energy deficiency and overfatness in Vietnam 131 a Mean (SD) by two-independent sample t-tests except for body mass index (BMI) and body mass index using armspan (BMA); b difference between middleaged and elderly subjects was measured by A N O VA adjusting for smoking status. *P < 0.05, **P < 0.01, ***P < 0.001, significant difference between middle-aged and elderly in the same sex group. † P < 0.05, † † P < 0.01, † † † P < 0.001, significant difference between men and women in the same age group. whole, the prevalence of CED (BMI <18.5) in elderly subjects was significantly higher than in the middle-aged adults (P < 0.05). When stratified by sex, it was found that nutritional status of middle-aged and elderly women was not different as assessed by BMI. In particular, elderly men had a higher proportion of CED than did middle-aged men (52% in the elderly vs 34% in the middle-aged). Figures 1 and 2 illustrate the distribution of BMI and BMA of middle-aged and elderly subjects (sexes combined). Armspan was 4.4 cm longer than height in elderly men, 4.2 cm longer in middle-aged men, 2.5 cm longer in elderly women and 1.9 cm longer in middle-aged women (data not shown). Therefore, when body mass index (BMI) was corrected for the shrinking in height due to ageing by calculating the BMA (kg/armspan in m 2 ), the distribution shifted to the left in the elderly population (Fig. 2a,b) .
There was a significant linear correlation between body fat percentage and BMI in both elderly and middle-aged men and women (Fig. 3a,b) . However, this relation in the middleaged was different from that in the elderly, indicating a relatively greater body fat percentage in older vs middle-aged people of comparable BMI. The results of a multiple linear regression analysis indicate that there is an increase in body fat percentage of approximately 1.1% per BMI unit and 1.2% per decade (Table 4) . Table 5 shows the results of a multiple linear regression analysis of abdomen-to-hip ratio vs some of its potential determinants. Two contributing factors were age and BMI in both men and women. In other words, with a comparable BMI, older people had a higher abdomen-to-hip ratio than did the middle-aged adults.
In general, women had a significantly higher proportion of relative abdominal overfatness than did men in both of the two age groups. Using a cut-off point of 0.95 for men and 0.85 for women, the cut-off having been derived from Caucasian populations to classify relative abdominal overfatness, 36% of middle-aged women and 20% of elderly women were classified with 'relative abdominal overfatness'; this was the case for only 2% of middle-aged men and 14% of elderly men. However, the difference of the proportion was found to be statistically significant between middle-aged and elderly men (P < 0.05; χ 2 ). The estimated basal metabolic rate (BMR) from the formula suggested by WHO, Fig. 4 , illustrates the correlation between BMR and fat-free mass (FFM). 21 Basal metabolic rate and FFM were found to be highly correlated in middleaged adults (r = 0.95, P < 0.001) and in aged subjects (r = 0.86, P < 0.001). The strength of correlation in middle-aged was higher than that in elderly subjects. Even with the same fat-free mass the middle-aged always had a higher estimated BMR than did the elderly group.
Discussion
The present study provided information on body composition of older and middle-aged adults living in an underprivileged urban area of Ho Chi Minh City. Both of these Vietnamese groups were thinner than their American counterparts assessed by BMI, skinfolds thickness and mid-arm fat area. Compared with the data from the National Health and Nutrition Examination Survey (NHANES) I and NHANES II, the mean values of BMI of middle-aged and elderly men are only at the 5th percentile of the reference data. 23 The mean values of BMI of middle-aged women corresponded to the 25th percentile of the reference data, whereas those of the elderly women fell between the 10th and 25th percentile. The Euronut SENECA study of representative elderly persons, aged 75-81 years, in several European countries showed that BMI values ranged from 23.9 to 30.5 kg/m 2 and from 24.4 to 30.9 kg/m 2 for women and men, respectively. 24 The mean BMI values of this study (21.1 kg/m 2 for females and 19.2 kg/m 2 for males) were below the lowest mean BMI value of any European elderly subsample. However, the mean BMI values of this study were comparable with the elderly Chinese living in rural Tianjin. 25 Mean values of the skinfolds thickness and mid-arm fat area of elderly and middleaged subjects always fell between the 10th and 25th percentile range of the reference data for corresponding age-gender group. 23 Cross-sectional 26, 27 and longitudinal 28 data have shown that advancing age is associated with body composition changes such as a decline in fat-free mass and an increase in fat mass. In our study, body fat percentage was different between the elderly and middle-aged groups when adjusted for BMI. Among 70-year-olds, average values of body fat are approximately 21% for men and 39% for women. 29 Although in our study the absolute fat mass did not show any difference between elderly and middle-aged, possibly due to the great reduction of food intake and ensuing undernutrition among the elderly group (data not shown), the body fat percentages Energy deficiency and overfatness in Vietnam Stepwise linear regression was used. R 2 explained variance of the model; SE, standard error; *P < 0.001. of the elderly men and women of this study were 22% and 36%, respectively, comparable with the results from the previous study. 29 Most evidence points to a relation between body fat and physical inactivity. Klesges et al. found a significant but low correlation (r = -0.26) between excessive body fat and physical inactivity. 30 They indicated that aerobic recreational physical activity, rather than work activity, was the better predictor of body fat.
The abdomen-to-hip ratio (AHR) is an important anthropometric measure of body fat distribution. 31 Abdomen-to-hip ratio increases with advancing age. An increase in AHR is associated with insulin resistance 32 and a more atherogenic plasma lipid pattern. 33 However, these AHR-related metabolic changes have not yet been verified in the aged individuals. Furthermore, an age-related increase in AHR may be at the cost of the reduction in the circumference at the hip. 1 Chumlea et al. claimed that trunk circumferences provide more information regarding stores of body fat and risk factors for cardiovascular disease in the healthy elderly than do skinfolds. 34 Abdomen-to-hip ratio is also strongly influenced by gender and BMI. 35 This appears to indicate that, as age and BMI increase, the AHR also increases. The results of this study in aged subjects are in agreement with data in the literature for both men and women. However, the extent of a discrepancy between the two age groups would be expected to be larger, considering a survival effect. This seems especially relevant in men, given that a high AHR is associated with higher mortality due to cardiovascular disease, diabetes, stroke and cancer. The subjects in a cross-sectional study such as this one might be the ones who had lower AHR and a higher chance of survival. As a result, only longitudinal studies can provide detailed data to accurately investigate this difference.
Fat-free mass begins to decline gradually both in men and women primarily due to the wasting of muscle tissue, which begins in middle adulthood. Fat-free mass is significantly lower in elderly women than in younger women. 36 According to Forbes and Reina, FFM decreases 3 kg per decade, commencing from the middle-aged to elderly periods. 37 The losses found in the Forbes and Reina longitudinal study were higher than those in the present cross-sectional study which were 1.0 kg and 1.9 kg per decade in women and men, respectively. These losses were almost 1.5-2 times as great in men as in women because men were found to lose fat-free mass at the rate of 0.33 kg/year whereas women lose FFM at the rate of 0.22 kg/year. 38 Between 40 and 80 years of age, men lose FFM at the rate of 5% each decade, whereas women lose about 2.5% FFM each decade. 39 At these rates, men and women lose approximately 20% and 10% of total FFM, respectively, between the ages of 40 and 80 years. Looking at Vietnamese people from this study, men lose 10% and women 9% of total FFM between the ages of 35 and 65 years.
With advancing age a decrease in resting and daily energy expenditure occurs, mainly because of a decline in physical activity and changes in body composition. Several studies have attributed the age-mediated decline in resting metabolic rate (RMR) to the loss of FFM. 40, 41 However, it is clear that differences in FFM cannot fully account for the lower RMR in the aged, suggesting that ageing is associated with an alteration in tissue energy metabolism. 42 We also found in the current study that even when the middle-aged and elderly had the same FFM, the basal metabolic rate of the elderly was always lower than that of the middle-aged. There might be other factors causing a reduction of basal metabolic rate besides the decline in fat-free mass in the aged. One factor studied by Vaughan et al. is the blunted response to sympathetic nervous system activation that in turn can explain, at least partially, the decreased RMR found in aged subjects. 43 The substitution of height by armspan as the denominator of BMI resulted in a decrease in the prevalence of overweight and an increase in the number of both middle-aged and elderly men being identified as part of the chronic energy deficiency group. Reeves et al. claimed that armspan is significantly higher than height in young Asian men, but not in young Asian women. 44 Consequently, the BMA could cause an overcorrection to the left of the BMI distribution. Given the ethnic differences in the relationship of height to armspan, the height to armspan ratio of young adults should be established for each geographical area of interest.
In conclusion, the data of the present study demonstrated that Vietnamese middle-aged and older adults are shorter and thinner than their counterparts in American and European countries. The elderly had higher body fat content, abdomento-hip ratio and lower fat-free mass than their middle-aged counterparts. Chronic energy deficiency and relative abdominal overfatness coexist in the elderly at a high prevalence, suggesting a need for public health attention. Cardiovascular disease is not only prevalent in developed countries but also threatens the life of elderly people in developing countries, where the prevalence of relative abdominal overfatness is now increasing. As a result, a sound public health policy in developing countries such as Vietnam should consider not only mother and child care but also geriatric preventive medicine. 
